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m m m 

[0001] m^^v^m^^MM L'XWlki^<Dm^^f^ (MR: magnetic resonance) 

t<iZ, ■^J^^^y3yh(DP.^Yy^^oXk^m (k-space) K%mir^T 
— :?tr»IXAi-§spin warpfe. spiral^fe, radisili^fj:}fKU^m%^^-^;^—i^y^^n 

[0002] mn.^m^;<-'Jy^}t. ^mmmi^m ^xmm^mm^^vT^o-^t 

<Dm9hn<D7u{cmnu ck^^^-ii-^^ms ) l-c^^^(o 

MRm^^n^:it^&^tLx\^^^ 7!)^^^?>-'m<^Wimt7s^^ytmffix\^^o 

[0003] :ioaM*n,|-f v?>'i/;cfeoT{* . ^(Dx^^^ar-Y^^ {-|gc^fls;551l)< iWim-^mA 

-i/3^T-^77i5'h^ftJ©J-r'5^&(0-o{C, -ryf^-'^- (navigator) tmtfl 

tV§:ii=i-jf -^(^t''{^'_i?—:f 3 -(navigator echo){f Xii^ B&bT. ^-tf -oi 
3-(navi echo)t^)lq^^^t^/^)^ffiV^Tfife:^^*i:<D»Jt^^-^J'L> ^(D^^iJ'ff 
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[0005] m^^'^^^-r^'f-^'Dmmn. ^la. ^#rF:i;iti. 2{z^(bi^^j^oi^. 
tLx<Dmf^Wi'^mm^m^M^tLfch(Dxh^o m^i^^m^^^^mo^^. 

mMti:&.W.i^yh^n^m^. ^(DiUmi^yhitriread^m (r-space:iE|fel-{*>H-iHI 

[0008] m^i:LW^^mi^yh<D^m^^^mwii-^mm^!:^^cxm^i-^^t7!)^x 
m^ummi^^o m:^x\ mt^. h^m:^\^(D^m7'-^xh^m^tL'Xm 

[0009] ■3Z3-^i^5n(DS^x-i?iLTaiJ^1-S^'g-(CoVNTI¥^i-5o :i<^« 
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* 

=f-9iim^^^, ^Xkz.^ ^(r^t.^m^^-y^-Y-)5Mz.y—^)a-^m^XT'^^^{ 

:/y5/K^r^ (h-space) {C^i^L/c7=-iS'^i^35/hS(-ttELfct>(D^-a'^-rti{i . 
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[0012] ^<nW6L^s -^/Wf^i/ayhO^tV!?— >^(spin warp) ife^^J tCi^a^-f^o '^v'^^i^ 

mmxh^o 

#^^l^:iC^l:Ehman RL, Felmlee JP. Radiology. Adaptive technique for high-defini 
tion MR imaging of moving structures. Radiology 1989 Oct;173(l):255-63. 
#^fp:S:it2 : Ordidge RJ, Helpem JA, Qing ZX, Knight RA, Nagesh V. Correction 
• of motional artifacts in diffusion-weighted MR images using navigator echoes. Magn 
Reson Imaging. 1994;12(3):455-60. 

##ff:iit3:Wang Y, Rossman PJ, Grimm RC, Riederer SJ, Ehman RL. Navigator- 
echo-based real-time respiratory gating and triggering for reduction of respiration ef 
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fects in three-dimensional coronary MR angiography. Radiology. 1996 Jan;198(l):55 
-60. 

##fF:S:l^4:Pipe JG. Motion correction with PROPELLER MRI: application to hea 
d motion and free-breathing cardiac imaging. Magn Reson Med. 1999 Nov;42(5):963 
-9. 

#^^:5Ci^5:Pipe JG, Farthing VG, Forbes KP. Multishot diffusion-weighted FSE 
using PROPELLER MRI. Magn Reson Med 2002 Mar;47(3):621. 
#^#fF:S:il^6:McGee KP, Grimm RC, Felmlee JP, Rydberg JR, Riederer SJ, Ehman 
RL. The shoulder: adaptive motion correction. Radiology. 1997 Nov;205(2):541-5. 
^#I^Xfi^7 : Miller KL, Pauly JM. Nonlinear phase correction for navigated difiusio 
n imaging. Magn Reson Med. 2003 Aug;50(2):343-53. 

##^^S^8 : Manke D, Nehrke K, Bomert P. Novel prospective respiratory motion 
correction approach for free-breathing coronary MR angiography using a patient-ad 
apted affine motion model. Magn Reson Med. 2003 Jul;50(l): 122-31. 
##f^^fi^9 : Langenberger KW, Moser E. Nonlinear motion artifact reduction in ev 
ent-triggered gradient-echo FMRI. Magn Reson Imaging. 1997;15(2):163-7. 

[0014] ^m<Dm^ 
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* • 

-iJ^^tfiaH 1 (D^m±<D7'-'$' i,z^mir^^2(D7'-'$'m^^t^m^^h<DXh 
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[0022] */c. \m^mm'—^^iEi3m\t. imjt s e^j^ii^-rsfc* wl 
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[0027] :L(Dx^/i^mMim^m^^vM-<?^-i^y^mw:. m^y'-^^iEmM^xrj^n 

[0028] [|gi];*:|il?^li#5e^*ii&'<p<-i^:/i/^e<z)io(D|life?^«|^^1-. m^im 
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[0029] 
[0030] 

[0031] 
[0032] 

[0033] 
[0034] 



[|1119]PE;^[Rltci^^5c<^i)-^^jrt-§^iyfl^<^I!)t^^fcofc^-^{c,;*:|§B^tciO 



:i<DMMBWiiZ.ii^f)^^M.^%^^'->^yi!^iMRl: Magnetic Resonance Imaging) 



mMBm=^-(^^^=^^yh3it. m^i^W.^i-^xi^i\:fjih-i, Ym:ljMxfziffy:^\h'i(Dm. 
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[0035] m^mmnMA^^hx, y, z=i^/i^3xszizm^^fi^^<j^^n^wm-t^^t 

S ^ E 

R 

[0036] a^SmifPf*. 1 <D«j^^ra lCT^;^#:P<Daa#(^Bat9:$tT^aMtRF (i^JS 

[0038] :ioi^m^8mtJ«^fa^8R{i. W^ir^i^-'^:^5(Dmm(D^tXWii¥'r^o 

C:cD»ji'^lCj;«3, 52^ft:^8T(i, ^#^*n,i(NMR:nuclear magnetic resonance) IrS!) 
®^-fr-5^cii)®7^^TJi2j£iC©RF(radioirequency)'ffiJlt/^/Vx^^)iftPa?3^>^ 
TlC-ft^-f-^o ^ft^8R{i. ^{lRF=i-r/V7R;5Sg{iU«^itp,|(MR:magnetic r 
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[0040] 7.^^y[zm^^yV^::^^y-^y^tLXit. «)iSE(spin echoM. «iiFE(field e 
cho)^» EPKecho planar imaging)&> FASE(fast asymmetric (advanced) spin echo) 
GRASECgradient and spin echo)&/^if (CiSlL-52^7uX(43^5uO-7/I^f^^:X35'h 

(Dtzib^ 7!)^i)>^y</l^;^mit, McW-ma-i, ;^tVl7— T'Cspin warp)&, P^/^^7/V(spi 
ral)iS. Xit. 7v?T7V (radial) S(75{pItl(-S'^<^-^/V;^^J-efcoT'i>J:V\ 

[0041] i/— <>-:^f-5i±. CPU(Central Processing Unit)43 itJ^p^^U <Srii;tr . ;i}N;=«.hth 

fl±X(DmUXhV. m^ltx, y, z=3-r/V3x~3z{cPP;!jpi-5/NVw;^«j5l05aa> w 
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{ii^^(MIP: Maximum Intensity Projection) ^aa/^if^^S-^^tL^o 

[0045] mm^^yH 1 it. nm0.^nfzmikT-^(D^fiibir, ±v^<D^^^m^m^j^ 
^:m^ir^(D\z.mm^ti^o i^fcAtims^iffLx. mm^%mir^^<y?^-^]m 

o 

[0047] immfm^<r>><&!m 

#{iMffltt-Cfe5^-a-;^^#V^;0^ ^icOS!^|gl5^;^^»)t (involuntary motion) {i#M 

%^xh^^ 

[0048] Mli^^Pi^^bi-s^-^. )K^oit^^^(D#f-v>^yi/i/^®ttiq^!Stt<?5iij 
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< 

[0050] w(7)ffiiE^tT5fc«){C, ^^t^OKti-ML-CfeS^r/V^iS^-rS (I2l2#fi8)„ ^(^ 

t^. Yis]^x<Dm^(Dm.mt. m^mmxnMntt^v)^ m.m'smxn.m:kf)^^^ 
[0052] ^^x\ ^mm^mxyx^ r^r^ (r-space) xfrm:m.^m\^fcMUwm^(Dm 

I 

[0053] mm.wm^(oi^mt^(o^iE) 

[0055] MMLfcct9{-^ mM(oMLm}-mm^W'ox^wim^wm^\^n<<oXs m.u^ 
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[0056] k^mi^^m^fitz'f-^iat. Wit(D'^mz.mirmmm7!)m::i^^i^nm 

^<D^fmWm-i. r|«{flfl;6SW{H!l=fc!9;'c#VNji:V^9^i{(it^)SrffiVN^d\ Xit. b) 

[0059] Lfc;iSoT. m^mm^exp (i3>^) <Dm^. ^(Dm^^jEir^{Citv^mRXJ^k 

0 

y 

[0060] ±Ea) ^{ciE«(D, i!i^05Fi^M'|i|fc{tlr^^^b-r^^a^V3-K;^[p] (cKjt 
[0062] 1213, 4iat/</vy<,^y—'^>7.t\^Xy^}^°y'U~ymt:M^\^fcMlMsEm\^ 

^ji3-^w-^^S2^5ck^Ffl±{-SEE$tl.5 (115 (b) #f|?0o -<??^=-7'-^«^ 
ic^^^^hlOlili^, 2^)c5c:7— ll:x^|^(2DFT:two-dimensional Fourier transfer 



m) $tbfc:^^F^OH^x-i5'{CffM^$tl5 (05 (c) 



wo 2006/051911 16 PCT/JP2005/020736 

■ 

j^P\^fhfc2^(DM^f^^2ilk7iOMy—V:^^^ (2DIFT:two-dimensional invers 
e Fourier transform) iZ^<0. ^il^tl2^<D21lk7Ck^miiZ^i^ir^(M5ie) (f)# 

[0065] — mW.^</^^^i^—^y^<DM^{ZX'oX-yByhnUi^-tTcf-:J^S (K , n) 

navi y 

navi y 

0 y 

[0066] ^(DS!lS(iB^#:6^(C(j:, 

$ (K , n)=2 7tY(n)K 

0 y y 

O (K , n )=27cY(n )K 

0 y base base y 

A$ (K , n) = $ (K, n)-<^ (K , n ) 

0 y 0 y 0 y base 

o 

[0067] m^m<Dy'—$'^^ir^k^m<D7'-i^ic(D^^mm^^^\^ ^ (ss (o 

[fC2] 

exp[-iA$ (K , n)] 

0 y 

[0068] :L(D2^<Dk^m^^^2^yty—]}=^^^{2DFT)LXB^<DM^Wi'f—'^\^m: 

*i5:(ciii^fg^;!)PSb-C§i^6^/^*^r^r-i5f^^#S (BIS (j) ^ (k) #M)o 
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[0070] 

[ic3] 

S (x, y) :^?i-i^y^i-^MM<D:x.=i^y'^^^ 

img 

navi 

Ax (x, n):n#@(Z)i^32/^-t^i^:/yyi/^}^^i^fcx♦ll^;^[n]<^)«)t^DM*g. 

navi 

Ay (x, n):nmn<Diy3yhX'fyyVyi^^tlfcy^^\k(DW}^(Dmff&s 

navi 

^x (Kx, n) :n#S ©:^3yh-ef->^7°y>'^$tl/fc:x$|lj^|fl](D-:Mf -^nzi— 

navi 

^y (Ky, n) :n# @ (Di^ayhX-^>:/}}y:i^^^tlfcyifii:^\al<Di-\f':^=i—(D^ 

navi 
L, M, S 

n:v'35/h#-^(l = l~N ) 

max 

(Kx, Ky) ti-^t. ^(Dm^m(Dm^y'-^P (x, y) {t, 

img img 

■ [iC4] 

P (x, y) 

img 

=FT2D [S (Kx, Ky)] 

Kx— Ky->y img 

navi y 

[0072] ^-C^ ?i^itca.::^>;/MO(t , m^(Dy^-^ (:^t$) \Z.jt^ZX^mmi^^MlRir^. 

[0073] J:#:6^t;i[i. ^WMKmn^y=^-V:)7\^<Dm^i^(Dm^<^nm^Uy JSlXTy 

min 

^MtH-T'So Ukz.i'\f'3Lzi^^}!^'^\^xid^%(Dm%(0-fnyr^;v^m'&\^. ^ 

max 

ti^^ffi-f^^-a-t-li. «Jt<^^rHl^^c^'f':^xy^;^AY(y);i5^^$ixS, 
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W(y) 

= AY(y)/{Ay -Ay } 

max min 

[0074] Lfc;i3o-C. k^mf-'^^im^>=i-h^:^\^ (^i-CliyW;)^!^ : ig2#M) i^M 

L, M, S 

W(y)=W(y) 
W (y) = 1 - W (y) 

S L 

L, M, S 

[1^7] 

W (y)=2'max[W(y)-0. 5, 0] 

W (y) = { 1 -W (y) } (W(y) > =0. 5(Dt^) 

M L 

. =W(y) (otherwise) 
W (y)=l-W (y)-W (y) 

S L M 

[0075] fj:io^ meit^ k^my'-^^S^mir^t^O, !j7^^K!j7|iicW (y) (DWt^^ 

L. M. S 

(y) b%^f^<omWr—'?Y' (x, y) ^^oT. k^^tDr -i5'^l!]^0;)<;#V ^ (1 

, M, S img 

arger)^^, <^SS(mediiam)(D^^, ^■U5/J^$V^ (smaller) ^l^Ox-^S (K 

L X 

, K ) . S (K . K ) . mis (K . K ) iC^ixm^f J-rSo 1-5^^:^^. kSP^Ox 

y M X y S X y 
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P(x.y)=W(y)P (x. y) 

L L ung 



P (x.y)=W (y)P (x, y) 

M M img 

P(x.y)=W(y)P (x, y) 

S S img 

=P (x. y)-P (x,y)-P (x.y) 

img L M 

S(K.K)=IFT [P(x.y)] 
S (K,K)=IFT [P (x.y)] 

M X y x-»Kx, 3r-»Ky M 

S(K.K)=IFT [P (x,y)] 

S X y x-»Kx, y-'Ky S 

=S(K,K)-S (K,K)-S (K.K) 

xyLxyMxy 

[0077] ?lliL3.ci5/hio(C iO, -yayhnm^. irtit>hi^3yhn= 1~N *-e)lfi 

max 

[0078] *T , -tf- :i:=-S (Ky, n) ^^b. Ibt (CHoT^Cfck^F^ O (Ky, n) t 

navi 

[|!C9] 

P (y, n)=FT [S (K , n)] 

navi Ky— ►y navi y 

AY(y, n)=Y(y, n)-Y(y. n ) 

base 

AY (n)= J AY(y. n)dy 

mean 

AY (n)=maxof [AY(y, n)] 

max 

max 

Y (y, n) CO^J^tC^-^V ^-C^^$tl^„ 
[0079] ^\^X\ k^mi^iSi^^iiLm'^^(Om:kU9 (K , n) -^mW-^n^ (^S5)o M 

max y 

mioi 

A<I> (K , n)=2;cK AY (n) 

0 y y mean 
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A $ (K , n)=2'max of [A $ (K , n)] 

max y 0 y 

mil] 

A<I> (K.n)=2;cKAY (y, n) 

max y y max 

[0080] ^t?. m-i^3yV{Zidn^Ky{cML-XimWlEmnti:t}tl^ (^S6) „ Mm 

■ [ici2] 

S (K , K ) 

L, cor X y 

=S (K , K )exp[-iA $ (K , n)] 

L X y max y 

S (K , K ) 

M. cor X y 

= S (K . K )exp[-iA$ (K , n)/2] 

M X y max y 

[0081] ^fev^-c. SI^^=5/hio{i^-C(^:9-f'Jk^W<^x-i5'^TIE^{-<J;o-c-^fifei-5( 

M7)o 
[0082] [^13] 

S (K , K ) 

img. cor x y 

= S (K,K)+S (K,K)+S(K,K) 

L. cor X y M. cor x y S x y 

roj;5t-b-C^*fck^F^^^oMiE7^-^S (K , K )^22fe7n7-y:ii^ 

img. cor x y 

[iCl4] 
P (x. y) 

img. cor 

=FT2D [S (K.K)] 

Kx-*x, Ky-^y img. cor x y 
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xh. mw£t'<D^m&i}^£4^mmm^im^x^rmi::^i\:.Lfc7'-^^i^Miz 
(DmiE^mmizii^-^Mmizn^j:^^ti!)^x^.mK^\^±^'^^^tt^x^^o 

navi y • m in 

•r\f^-'$f) ^Mx.x. T^mx(D^i^^m immxi-i^'\L-(Dmsiz^'^)^M'&L 

[0087] [^15] 

O (n)=arg [S (K =0, n)] 

naviO navi y 

A 4> (y, n) = $ (n) — $ (n ) 

naviO naviO naviO base 

[0088] fjiio, (P (n) = (2 7c G T ) A Y (n) <Dil#.^ffiV ^Tr^r^-CcD^pi&iy^h* A 

naviO mm 0 

Y (n) JtZhM^'^mXh^o tfz. -tlf'^Lzi^s (K . n) izMir^A/D-^yzrV 

0 navi y 

y^n, k^m<D^'ii'iDC)<DU^<D^^m'&x^MX^^(ox\ m<xhX^\ 

[0089] •t\f'3ia^p^(D^</V7snn^}tSEmX\tti:<, f^mMMx^i^FEmxhit-^^ 

^-\--^mux^ti\-£x^\ ^ni-is ^-^^y3yh\zx^^=i-t(Dm'^^t^fc^. F 

Ejas-e^C51^;^'fe7°^lf y X^^* (susceptibiUty effects) ^MW^ M<Dmi^y 

h\t^\y±/^ir^fzibXh^o 

[0090] iB2(DmM(DMM) 

mz.^mm<Dm%^^^^-i^yi^mmiz^^^~Mmmm^. mi, i^^mx. 



wo 2006/051911 22 PCT/JP2005/020736 

^F^(DMjfii:SNR(signal to noise ratio)S:lnJ±$'frSfcfctci:a£<Di^^#i5|-l'p<— 

v?^^^5^-Ci^JK<^^^^:$^^-CV^2,o M^ft^-r2>»'a^t-{t> 1117(a) lc^f<J:5l-^ 
[0093] ^<^J;5{-^ffi=i-('/^7RU, 7RL^BBE1"^-^'C. — ;^<D0MJ<D^B3-r/V7R 

^\mMmcnm^x^<t^i)^x^'o . ^(nmmm(Tm^^%^wi.^^}i\^x 

5o Z.(DfzJh^ co^B='-^>'^7RL;{)^bo{t■^{i=t'^'ffl!J<^«Jt^^/J^$v^^:^^^iB6*I 

^^Sei<iLT5>S'J$nfc2m(7)k^ra7^-i?;05;eixmitX^$tl.S (07 (b) , (c) 

o 

[0094] r(©2m<^k^r^r-^«. ttIx&tfcmi(^ll»^(C joftSmS (e) . (f) WtM 

i(mz<t'^\>(r>xh^t^h. 1215(c). (d){c^f&-rs:7-y^^i^jtu^e?>fi^K!?MIP. 

np^mz-fi.-^, 1217 (d) ~ (h) (ovma.. mmjtm i (g) ~ (k) o^aa^ncT-fc^, 

[0095] ::<^J;9^c6Bg$t^fc2o<D^B3-r/^7RU, 7RL{cJ;oT. ^F^Stif^-^Jfe^B^ 
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[0096] ^::t:% mM.mh'^h(D^=^-y'-^<Dm^^\ ^TfltfiliUcMlEMa^tTV \ 

img. cor 

(x, y)^#§^i:^5T*#5(ia7(d)~(h)#M)o 

Kt^y), mi(7)mmMmxum\.fcm-=^4^^(Dm^icit-<x^ fummmctM 

[0098] /j:4b\ ±^Lfc=J^;HaE(C*DV ^■r. mstc^f i5t-. ^Wyh='V/U7A~7D^ 
[0099] momMi^Mi^^^^<Dmm='^/^t. ±xliLfc3:W>h=i^yV4fi^ 

^/\^m\^MLx±^fmjE^^7!)mhn^o 
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[0103] {m<DmmMM) 

[0105] 09 (a) \z.^irx.^iz, ^(DmMMMxn. mv (a) iz^irm2(DmMj^mtm^ 

iZ, ^jfRF3-l'/^i:Lr^7)v/^^3^/^7RMy55ffiV^P>tl/5<, 1219(a) {Z^-tXoK-^ 
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o 

[0106] 09 (b) iat^ ^^#:PO0lHJ{-*3{t5#iiJ#:^— >'3yO:*ct§?r;^-ro 09 (b) 
(Dimitrnd {a) iC^I-li^x-i^cO^Sy [pixel] ^^L. mii\t. 
{t^l!j€^0;k:t$A(y) [pixel] ^^1-o 

[0107] ia9cf><Z)^||A(y){;:^f J:5{-. tttfiy hy h<r>m^^\^XYlo^(D\WiiM^ 

u d 

i:§'fc<Di:-t-5o «t)*>. ftt<Z);^:t$A(y)ft, y {^:*5V^-C^;^^eAmax^i:l9. y 

u d 

[0108] 09 (c) {Jlfi. #^B=i>f/k77RU. J;U«v':/:?'/W3^/W7RSOjEM<b$tV 
fcy;^fo)<^#iiS:»-*Wcu(y), Wcd(y), Wcs(y)^^f o 09(c)(^^$|lj(t09(a 
) tC*-riii^7'-iS'<0^ay[pixel]Sr^L, #^fi3^/V77RU. 7RD*5j; 

U?>^i^i//V3xr;V7RSOiEM^b$tlfcy;^|iS]<^^^^:7^Wcu(y), Wcd(y), Wcs 
(y) ^^^-f o 

[0109] 0 9 (c) {^^1" j;5 (-^ #^ffi=3-r/l^77RU. 7RD(Di^S:9-*Wcu (y) . Wed (y) 

^:J^*Wcs (y) (ty^^lR] lJ:-5£-efe5t)Ot1-5o 
[0110] ^LT. COj;5''<^#^ffi='^/^77RU, 7RD^fc(ti^i/i//>=''1'/^7RS{Cj;(9JtX^ 

(C, 2o0^ffi=3^/V77RU, 7RD(Cj:!9JiJi^$tlfck^F^X— Kl^{^2o 

-f^Z-kh^x^^. mTUit. v'^i//^3^/^7RS^^:i^9Ji5^A$tl.^^ra7'-^{^^ Hi 

[0111] 0lOfi, 09tOT^-rj:5^il^7U(Dlbt5>*i:l^^i«S^*^W1-52oO^ffi 
3^/V77RU. 7RD<SrffiV>-ClDl^$tLfe#k^ra'r— i5'Sr^tl/^tt2o(D^:^tC:9' 
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[01 12] 1^ lOKm ^T. mmt^ ^-(yh^^mm/ (y). w (y), w (y)(Dm^^u m.mtm9 

L M S 

{c^i-y:fji^(D}i°^±;u^W.^^iro miO{c^ir3^<D^r^V'>M^w (y), W (y), 

L M 

S 

[0113] oSOx 2o(D,^ffi3-i'/P77RU. 7RDtc:j;t3/N— K6*)(^:2ot;i:9-S"J$ix:/tk^Fra7'' 
-^^> !^'f':/K?J^M#:^ffiVN-cy7h6^(cM(-2o(D^^tci>#J-r Si^tiic, 4oo 
^^(D5^»J#;55*S^(^2o(D0^{c-^*tb5kzgF^r-iJ';dS^-(D^^{c-^^ 

[0114] jfti. ^gic(D:nwp«:/h3^/Kcif3. /^-m^c5)■fi$i^^c:1Si:ok^F^7^-iS'^clS 

[0115] mmz^i-^'^ry'F^mmt. ■?:nm«{-j:!9jE^'fb$t^fc»)#^w(y)*3 

J;Tj'^B3'l'/^77RU. 7RD(7)i^^^^Wc(y);6^b*ie)'5Ci:;6^-C^So 
[0116] [^16] 

W (y) = Wc(y)*W(y) 

^ [W(y)]^ (if Wc(y) ^ W(y)) 

W (y) = Wc(y)*[l-W(y)]+[l-Wc(y)]*W(y) 

M 

^ 2*[W(y)*{l-W(y)}] (if Wc(y) ^ W(y)) 
W (y) = 1-W (y)-W (y) 

S L M 

^ {1-W(y)f (if Wc(y) ^ W(y)) 

[0117] ^LT. ^l<^^»flg^c*3v^ry7^6^tck^Fflx-i5'^3^SlJ-r'5^-g-^l^^^c 
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. ±W.(D^^:^h^^m^W (y), W (y), W (y)^20(OSffi=i^/1^77RU, 7RDK^^% 

L M S 

^U&<Dmmi^XWh^\^ ^^i^(Z)3o<^jii^T-i5'P (x.y). P (x.y), P (x,y)^^^ 

L M S 

(^;*:t${^Ji;C-C3o<D^^{;i:9-#J$tbfck^P^7^-iJ'S (Kx.Ky), S (Kx.Ky). S (Kx. 

L M S 

[0118] ^hKs ^k^mf-^S (Kx,Ky), S (Kx.Ky), S {Kx,Ky)i^MLXm^<DXt^iC!t^ 

L M S 

\:^xM^<i:m&v^mmjE7!)mm^ri. ^mM^E^o^k^m^f-'^s (Kx.Ky), 

L.CCO' 

S (Kx,Ky). S (Kx.Ky)^-^^Lfck^rax-iJ'S (Kx.Ky)^2^7n7-y:i^^#|-r 

M.cor S iiag.cor 

jing.cGr 

[0121] ^-f . #»J#:oliito1f ^input mnhii^(D:^mxJ&.mir^o mx-it-tif-^- 
^^hW]^^m&LXi,^\ ^7=>Hbi-^ri:{^J;«?»itcDffi ^input i^mxi,^\ ^ 

essing l){i, ^7^:/F!>||^tCj;!9yyh6<Jictfo-Otjj;V^U "^/W^^^/v^^ V ^-C/^ 

-K6^){ctfoT'biv\ ^fc. -vy^5^3>r/^^fflv^-C/^-K6^^::^§•J$tbfckSF^x- 

[0122] iSj^fC, NffijC^^iiJ^ixfck^F^x-iJ'^^fife^ffid^i^N) IC^LT. 

$i$^i:fc^?f^^mi-J:'9i^?f^MiE^ff ^(processing 2)o :i<Di||?|^^ifetJ:fi. affined 
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i^l(¥tf ^^(translation). Hl^ji^Kfrotation). fe^Cifit/J^scaling). "tA^mMBishea 

[0123] tit. mi2\z.\t. ±MUz^MmMmxmm\Jt^iEmm<Dmf\^^-mtvx^ 

-To 

[0127] ^(Dmm7!)^YEstti:^m^im. mmjtmi(Dmm^mx^mvtc2^7cz^-]} 



wo 2006/051911 29 PCT/JP2005/020736 

ftCtranslation). l£;^li/J<scaUng). ■^^^if^?F^(shea^))<^)t£;k:^/J^^;IPS^L^^ , 

mh^^xmm^^iWi^^(Dx^tit^ijmxm)^o 



wo 2006/051911 30 PCT/JP2005/020736 

[0133] i:iT\ 3iikyim\^mm(Dm^^miET^m^izo\,^xMm-r^o 

t${cit^c-c. 3;^^RJ^cov^TSlJ^^cwindowii#:^*i6'5vl^^cJ;!9l(]t<^;*ct$^i^c;^ 

[0135] mx.\ts windowiimMt<0;^(R]SlJ(3D^r^/j:bx. y. z)Km^<Di;i^^m3^M 

[0136] misit, ^mmicx<03d^jim^mm<Dm^^WjE-r^Wf^<D^m^^iryn 
*fc. mim.m^i^p\^ii^'x.mm(D3iik7i&ii^m^ii^h^m^Ky:ijm^h 

• (Dx:lj{^^^h^tzWiis:^\^^^irMXh^o 

[0137] *T . ;^Xy7'S10iC43V ^-C^ «jt(Cj;§fe§^g(x,y,z)<^i/>'hlC*3it§shot nfe 
Ofe5S*>6^bO^{]i-<i?h/KX,Y,Z) (|1114#M) 03;^[P]Sij0^rBl^* AX(x,y,z, 
n), AY(x,y,z,n), AZ(x,y,z,n)^#5o 

[0138] ^^c;^X5^:^Sll{C;^3V^r. ^^KXmD^m\Z)oif^3l]\^X<DmiC^&^£iXm 

ax(x,y,z), AYmax(x,y,z), AZmaxCx.y.z)^^^"^" 
[0139] [^17] 

A Xmax(x,y,z) = max[ A X(x,y,z,n)] 
A Ymax(x,y,z) = max[ A Y(x,y,z,n)] 
A Zmax(x,y,z) = max[AZ(x,y,z,n)] 

[0140] ^fe^^:;^x5'7'Sl2{c:*5V^T. llk^{M3:^\^^^<D3D^^\':7r^Y':7mmM^ 

Mic) Wx(x,y,z).Wy(x.y,z).Wz(x,y,z)^# m-f-^o 
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[0141] [^18] 

Wx(x,y,z) = AX(x,y,z)/ AXmax(x,y,z) 
Wy(x,y,z) = A Y(x,y,z)/ A Ymax(x,y,z) 
Wz(x,y,z) = AZ(x,y,z)/ AZmax(x,y,z) 

[0143] [^19] 

Px (x,y,z) =P(x,y,z)Wx (x,y.z) 

UM.S L,M,S 

Py (x,y) =P(x,y,z)Wy (x,y,z) 
Pz (x,y) =P(x,y,z)Wz (x,y,z) 

UM.S L,M,S 

[0144] ^^c;^x^;/>^S14^C*3V^T. Ik^i^^^^X^iC. 5>#J$tl/cB^X-^Px (x,y,z) 

L.M.S 

,Py (x.y), Pz U,y)^My-]}^^^\^Xk^m7'-'$'Sx (x.y.z), Sy (x.y), 

UM.S LM.S UM.S UM.S 

Sz (x,y)^#§o 

UM.S 

[0145] [^20] 

Sx (k ,k ,k )=IFT[Px (x,y,z)] 

UM.S X y z UM,S 

Sy - (k ,k ,k)=IFT[Py, „ (x.y.z)] 

LM'S X y z UM.S 

Sx (k ,k ,k )=IFT[Py (x,y,z)] 

UM.S X y 2 UM,S 

[0146] ^^c;^7^5^::^Sl5^c^oV^T. Hk^ic^irX^ic. k^P«1x-^{cov^-C3^^^(c: 

[0147] [^21] 



Sx.cor. (k ,k ,k )=Sx. (k ,k ,k ) exp[-i4>x (k ,k ,k )] 

Uxyz Lxyz* max x y z 

Sy.cor. (k ,k ,k )=Sy. (k ,k ,k ) exp[-iOy (k ,k ,k )] 

Uxyz Lxyz* max x y z 

Szxor. (k ,k ,k )=Sz. (k ,k ,k ) exp[-i$z (k ,k ,k )] 

Lxyz Lxyz* max x y z 

Sx.cor. (k ,k ,k )=Sx. (k ,k ,k ) exp[-i$x (k ,k ,k )/2] 

M, xyz Mxyz* max x y z 

Sy.cor. (k ,k ,k )=Sy. (k ,k ,k ) exp[-iOy (k ,k ,k )/2] 

M, zyz Mzyz* max x y z 
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Sz.cor. (k ,k ,k )=Sz. (k ,k ,k ) exp[-iC>z (k ,k ,k )/2] 

Mzyz - Mxyz* nuu xyz 

$x (k,k,k)=2;ck AX (x,y.z)/K 

max xyz x max x 

(k,k,k)=2 7ck AY (x,y,z)/K 

max xyz y max y 

Oz (k,k,k)=2 7ck AZ (x,y,z)/K 

max xyz z max z 

[0148] mz^y'y^Smz^^ ^■r. k^mT-^<DWlE^^Sx.cor. (k 

,k ,k ), Sy.cor. (k ,k ,k ), Sz.cor. (k ,k ,k ), Sx.cor. (k ,k ,k ), Sy.cor. (k ,k ,k ), Sz. 

xyz L, xyz Lxyz M, xyz M, xyz 

cor. (k .k ,k )^XXJ^0miE0.^Sx. (k ,k ,k ), Sy. (k .k ,k ), Sz. (k ,k ,k )^^^ir^ 

Mxyz Sxyz Sxyz Sxyz 

ttS3;^|p]Oj^5>Sx.cor, Sy.cor, Sz.cor^|!tC;t)n^i"-5o 
[0149] [ic22] 

Sx.cor=Sx.cor. (k ,k ,k )+Sx.cor. (k ,k ,k )+Sx. (k ,k ,k ) 

Uxyz M, zyz Sxyz 

Sy.cor=Sy.cor. (k ,k ,k )+Sy.cor. (k ,k ,k )+Sy. (k ,k ,k ) 

L, xyz M, xyz Sxyz 

Sz.cor=Sz.cor. (k ,k ,k )+Sz.cor. (k ,k ,k )+Sz. (k ,k ,k ) 

Uxyz M, xyz Sxyz 

S.cor= Sx.cor +Sy.cor+ Sz.cor 
;i<DJ;9lilbT3^7n6<j/jiffiIE^iiLfck^M7^-i5'S.corSr#5;i^d^-C*tSo 
[0150] ;^7'y:/S17tC43V^-C. ^^W^^if^k^f^T-^<D3DFT{CXm^7C 

[0151] t:L^X\ t^±(Dj:9^.e#»?f0St-*5V>-c. mmm^^m't ^tctb(D^mit. 



mf\.tcf\'mii^'^mizfj:?>(DX\'M^j:t*(Dmm-^:^-i^^^^^^ 

on the ^y)X(Dmmxn^\ B^fc2i(kSX±(O0m^fj:m^^<D^^^?^miiZ.^^^ 
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[0153] $f>(c. ifiK&LfcMiE^ajc jov N-r . m^LfziSLmmmi)mmtLXM!t^\.nm 

[0154] ±^bfc#^iS?l^Sl-^3V ^-c. 1^iEir^^m^f-^mh^\ ^ittii^m^m 

[0157] l2fc7n(projection)X{*2^7c/3^Sfc7C<^i!jt mW.^>yhXmtm-yyh) O^m^ 

mmi&x^M.<}^^j:<th2^<Dm^£mjEv'-^(Dmmm^mw-ir^^tx\ 
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[0159] ^-='-r>'^^SrfflV>yt^'^T'^>. k^m7'-^<D^m^^tclii<Dy'-^(Dn 

mm^^\^±ir^(D^fihir. ^r^'F^^M*^^mfj:<DX\ ^v-m<7)-^mitm^ 

[0160] c:;iT% ^mmi^x^miE^noxmbtitc^^ii^pomm^isifmmmu^m 
iE^ni^'rimhtifcnM<D mm mmtitmLx^i-o 

[0161] iai6«, -laiffia^^^a— K (PE: phase encode) :^{^tBWS::^\P\i^ll^5t(D'^^^ 

Kk^my'-i^^^m LTMiE-rsii: mm^^-rmxh^o 
[0162] lal6(a)^i. miE^m^-ficn^fitzm^. iiii6(b){^. ^^M<D-'m¥i^i^yhm 

[0163] mi6ia)iz^'rmiEm(Dmm^>(iu '^M(D~m^m'yyhmiE^Mi-t. mie 
[0164] mi6ic)ic^i-^oi^. :ifimm{cx'OT--^^yy hm^2^P\Lx^fi^ti 

nhtitcm^titm^xmm\c=i-7.h:dmu^tix^^^(Di)mmx^^o m 
16 (d) (^^t-<t5(-. ^mmi^x^y'-'^^yyvm^s^^mi.x^ti^tim^j:^^^ 

[0165] g| l7fi. *PE^|p] (ciefe7cco5^*^^-r-5#Pi"J^<^l!jt;55fco/c^-^{c:. 

\zX'0i^y^/i'=i^/\^^m^xyyhmi^k^my'-'^^^nLX^iE1r^:it\cxm 

htvtzmmm^^^irmxh^o 
[0166] igi7(a)(*. miE^niyi'i^n^titz.m^. iiii7(b) 
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[0167] 017 (a) izL^-r^iEmomm^Mu 'ijtM<D-m^i^i^yhmiE^mirt. mi7 

[0168] 11117(c) \^m-txoi^. ^mmi^^^7'-^^yyhm^2^m\^x^H'en 
17(d) iz.7^irxoK, :^wm^x'07'-'^^y:7mK3^mLx^ti^fim^j:^^Mm 
^i~^^it^<Dj&r-d^^w^tix\/^^mmmx^^o 

[0169] miSti. PE;^lR]ici^7C(Z)i^«^-r'5#^WJ^©i!j#;65$>o:^c#^lc, :^mm 

KX<oi^>^ji^^4/v^m\f^xyymiiz.^^\U^^ii>xk^mT--'$'%:^^ivx 

[0170] m 18 (a) it, ^mj^ \ZX'0yyhm^^%U'^^i^X2'^m^tlfc^k^my'-^ 



[0171] ^^U^X\'m<^^t^hmA^ti=i-^h7i^^m&i}Xhbo :i<Dfcib. ^^^.^^^ 
^^xm^t^MiML) <D7'-i^tLXmikf-'^^mjEir:^t. 018 (a) *5j;t;?01 

8 (b) iz^irXol^. muic) ioXX^MiTid) titm^X=^-:^h 

* 

[0173] 11119 (a) (i. 2o(D3ii/^vh3-r/v{cJ;«3/N-K6^f;i2^filUck^r^x-i5'^y:7h 
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[0174] 019 (a) 2-D(D:x.u?tyh=^4MZX'0mhtitcT-^<Doib. m^i!)^^mmiy' 
iiJ$tLfc-r-t?^MlELT#btifc|l|17(c)(^jif^i:JtigJLT. ^mmzM<Kmh 

X^Xnhntm^Xhho igi9(b) (Cctnfi. M{-4^fHllfP<^SNR<^{£T;d5efe#$tl 
>igi6(a). (b), (c), (d). 11117(a), (b), (c), (d).iai8(a). (b) . 13 1 9 (a) 

7f^ir^om^b)m\.xmhABfMiE^^i)mhtix\ ^^(o-bmmx^^o 
[0175] i^. MiEMoH^. ~mf^i^yvmm^x.mhfifmmi^mE:^\p\\z.mB. 

/^icttlURO: read out);brfPllC|!]#;5U^^^1-§^-g-(Dii|^f3:^f 2)^iETi4. 

m^y-(-ts.y^l^^yh^—/i-ir^:lomiimbi^X\^^^o 
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[6] mmmmnmnmt. 

* 

[7] MKMEgPft. H^^fBP^^7'--^^^3oi^;l±(^^^^cov^T-?:iVe:i^ll?^eS«E^ 
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[8] mmm^^mnM. 



[9] mmm^^m^nmt. 
[10] mmmmn^mmt. 

[12] HuEffijE^H:. mBWLM^m^i^nmBmmy'-^{^S.\^^i^-^^i^M^^^^ 
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mmm^mm^n^t. mmtammmittu mm^o^^^pm^^hmmm 
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SfIIElii^T-i5'i|XAg|5{*. ]«lf|3^talE««iL. t1lfE«ic(^3iW^h=.^/v^ 



WO.2006/051911 
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i 

^m2(Dmmt. 

*5J;t;«HfffdMiEWc^-5ffi:iEmt-*5{t5WIBm4©^*^(;i*3tt5ttflfi^2<D 

[33] wia-^fifeiHJfix ^'mi\^i^n^mtmoMm^^n^mm^2(D'^mi.(D^-'^ 

*5it;?^M:iEO|1lfB^4O^^tC^bnt^Sfrffi^2(0^^±©7^-i5'>Sr^^!!ct-§i9 
iC«fife^iT/Sit^«30{^IE^©m^x-i5'ttiE^go 

[36] St^^*c<^mifl5fi[(-:fc{t<5^^©^^©^10^ra±<^7''-i5'<^9^ii^/K ttj lo 



wo 2006/051911 42 PCT/JP2005/020736 

%-^t\ifzM^%\<Dmm^^xm^%2(DmML^^ 

[39] mk^(n>Wmi^mn>% i o^^*3 cfct/^2(^ tl^ f t^M 1 (D^H ±or -^^Sr 
113(0^^*3 J;U«^4<^^^(v:j3{t'5^2(0^^±©7^-^J'(c^ifef§x^X5'7'i:> 

m'^Wi-:.^\^^m^%2>(D^m^^\-^'^m%w,2(D^^^ 
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m 

■ 

U^04Ofl^t^*5{j-^^2(Z)^F^±©x-i?l^^i^1-501<Dx-i?^i^gPi:, 
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mmf^2(D^m±(Dy'-^KmiE^n7WjE^t. 
mi-^M2(Dr-^^M\^t. 
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m2] 




AX^,i (X. Ky) f 



1^ Character j St ICS of motion in abdominal axial MR imagej 



[ins] 



RF, echo 





imaging echo 



Gs(Qz) f~r 



Gr (6x) 



Ge (Gy) 




navi echo 

r4-, 



I 



Gm 



n 



Pulse sequence for spin warp and navigator eoho-#1 
(imaging: RO:x, ID line by line phase measurement mode of 
moving in y direction) 



6 



6 



6 
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[04] 



RF, echo 



Gs(Gz} 



Gr (Gx) 



Ge(Gy) 





imaging echo 



navi echo 




for X novement 

/ 



— 

for y movement 

/ 

— <, 



Pulse sequence for spin warp and navigator echo #2 
(imaging: RO:x, 0*th order phase measurement of moving in y 
direction) 
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cms] 




imaging echo: S,„g(Kj,,K^) 

2DFT 

y 




P(I»SS) 




single coil 



Ky 



> 

n (shot#)) 



navi echo: S^,.i (K^. n) 



"^navi 



<Do«v'n)=27iY(n) Ky 
AOoCKy. n) = 0o(Ky' n)-a)o{Ky. n^aj 



2DFT 



(i) 



Phase correction for shotjNi data 
(*expl-i AOo(Ky,n)l) 



2DFT 



(j) 




^ + 




> X 



[Processing flow diagram of nonlinear motion correction uisng 1 
ID navigator echoCm-^ ^ JU^ fflL^fc^^) J 
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[06] 



projection profile of motion 



(O O • )/2L 



0 



nin 



*«.ti«„<y) 




Window for separating spatial 
region depends on motion 



areas 



r projection profilejffl^^- KT?SHpl«35Ji!l<DwindoMi^jl 
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[137] 




PdtSlSP) 



2DFT 



nultiple ooi I 




(d) « 



nshot(shot#)) 



(e) 



(K,. n) 




shots ICS) 

a)t,(K,.n)=27r Y(n) 

<I>oWy. "base) =2 T YdT^^J K, 



(f) 



1 



Phase correction for shot#=n data 
(*exp{-i A<Po(Ky.n)l) 



2DFT 



(g) 




mg. cor 



fProcessing flow diagram of nonlinear motion correction uisng ] 
[id navigator echo (T^^f^z!-<;^^fflL^fciS^fl)^!aa::7a— ) J 
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A(y) [pixel] 

0 Amax 



7RM 




urns. (nM) 

0 1 



p imw 



y [pixel] 



* 

* 



Wcu (y) 
Wcd(y) 
Wcs (y) 



yCpixel] 



(a) 



(b) 



(c) 
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[mil] 



Input 1 



i 



Input 2 



lA7 




Processing 2 



p ^ ■ , 

Processing 1 





recessing 3 



Output 



AFFINE 

CFfT^D). Sis^lft. lib;^}S/J^. itA/iSilE}^) 
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[11112] 



eofitrolilMl 

S'fVI'asjngle/inuIti) 




S8 



2D-FT mmnmm) 
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[013] 



3:^|6i25B.'3^>^?AX(x.y.z,n). AY (x.y.z^n), AZ (x,y,z,n) 



S10 



3 :^ftfi^:k^i£L A Xmax(x^,z), A Yiiiax(x,y,z), 
A Zinax(x,y,^<Z)^# 



3 D^m^^ V K'?Wx(x,y,^,Wy(x,y,z),Wz(x.y.z)«1S 



FTtcJ; *) kmmv'—$>Sxj^^^(x^,^. Syj,„.s(x,y). 



S11 



S12 



S13 



S14 



S15 



S16 
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mi5] 
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[016] 





o 

<D 
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O 
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o 

0) 
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CO 
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5^^^ ■ ^ - 
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